This study was conducted to determine the effect of selected antibiotic alternatives on growth performance and inflammatory gene expression in broiler chickens challenged with Eimeria oocysts from Coccivac ® vaccine. A randomized complete block design with 6 treatments and 8 replicate pens per treatment was used. The treatments were; negative control (NC) with neither antibiotic nor antibiotic alternatives, Salinomycin positive control (PC), essential oil (Orego-Stim 
Introduction
Coccidiosis is a poultry disease with widespread incidence in the US. It results in clinical and subclinical syndromes such as impaired feed conversion, poor flock uniformity and poor performance (Brake et al., 1997) . Coccidiosis is also a predisposing factor for diseases which leads to enteritis and diarrhea, and may cause significant flock mortality. Thus coccidiosis has a significant economic impact on the poultry industry with total estimated annual global losses of about $3 billion (Dalloul and Lillehoj, 2006) and at least $300 million to the US poultry industry (Manger et al., 1991) . Currently, adding anti-coccidials to feed is the major way to control coccidiosis. However, there is a potential for development of drug-resistant strains of microorganisms such as E. coli that could have negative consequences on human health (Chapman, 1984; Peek and Landman, 2003) . Although several alternative preventive products including essential fatty acids, yeast, and direct fed microbials are currently being marketed as alternatives to ionophore antibiotics in the prevention of coccidiosis and its complications, there is little understanding of their mechanism of action in promoting gut health. A more complete understanding of the effect of these alternative treatments on the gut will allow the development of new therapies to treat enteric disease in broilers and other poultry species. It will also allow an understanding of how these alternative treatments differ from current treatments against coccidiosis.
Antibiotic growth promoters are thought to exert beneficial effects on the gut by inhibiting the growth of pathogens. This leads to more efficient feed utilization, better nutrient absorption and enhanced growth rates (Johansen et al., 2007) . Although not without controversy, replacements for antibiotics such as prebiotics and probiotics are also thought to have some beneficial effect on the gut microflora by limiting the colonization of the gut by harmful microbes while promoting the growth of beneficial microorganisms (Hilmarsson et al., 2006; Willis and Reid, 2008) . Incidence of inflammation represents a major and consistent endpoint for determining the severity of insult to the gastrointestinal tract (Borrmann et al., 2007; Brisbin et al., 2008; Van Deun et al., 2008; Teirlynck et al., 2009) . Inflammation could directly lead to compromised gut integrity (Olkowski et al., 2006) . This contributes to impairment of nutrient digestion and absorption. Additionally, inflammation and insult to the gut will lead to repartitioning of nutrients to suppress the inflammatory state and repair the gut. This cascade of events is responsible for reduced animal performance and severe economic loss due to disease. Therefore, determining the effect of alternative treatments on the inflammatory state and integrity of the gut represents a more measurable, repeatable and realistic endpoint for determining the efficacy and benefits of these treatments.
Coccivac B vaccine has been used successfully as a model for inducing mild coccidiosis infection and it elicits immune response and depression in birds' growth performance (Danforth, 1998; Williams, 2002; Walk et al., 2011) . Differences in the ability of birds to cope with the immunological and performance stress associated with this vaccine should be reflected in their overall growth performance. Therefore, the objectives of this study were to determine the effect of antibiotic alternatives on gut inflammation and integrity in birds challenged with Eimeria species vaccine and to determine the impact of these treatments on growth performance and nutrient utilization by broilers.
Materials and Methods

Animals
Animal procedures were approved by the Purdue University Animal Care and Use Committee. A total of 672 male day-old broiler chicks (mean BW, 45.0±6.7 g) were used for the 42 d study. Birds were weighed on d 0 and randomly allocated to 6 dietary treatments (14 birds per pen; 8 replicates per treatment) in floor pens covered with recycled litter of wood shavings in a randomized complete block design. Birds had ad libitum access to water and feed. Birds were allocated to treatments on d 0. On d 21 birds were switched to the grower diets. All birds were orally vaccinated with Eimeria species using the Coccivac B vaccine at d 14 and d 35 at 10X dose per bird (0.5 ml/bird). In our preliminary experiment (unpublished), we have found that 10X dose of Coccivac B vaccine is able to induce inflammation by increasing IL-6, IL-10, IFN-γ, LITAF and TLR-4 expression in the gut and it also leads to depressed bird performance, nutrient digestibility, and negatively affected gut integrity. Therefore, this dose was used on all birds in other to determine the effect of the antibiotic alternatives in reversing the negative effect of the vaccine on inflammation and bird performance. Body weights and feed intake were recorded on d 21 and 42, and the calculated feed efficiency was corrected for mortality on a bird day basis. On d 21 and 42, 5 birds per cage were moved to steel cages for measurement of nutrient utilization using chromic oxide as indigestible marker in the feed described by Adeola et al. (2010) .
Treatment
The 6 treatments tested were; negative control (NC) without any antibiotic or alternative supplementation; Salinomycin at 60 g per 10 3 kg of feed as positive control; essential oil treatment (Orego-Stim ® , 300 g/10 3 kg, containing 81.89% carvacrol, 5.1% χ-terpinen, 3.76% cymen and 2.42% thymol); defined yeast extract (Alphamune TM , 500 g/10 3 kg); direct fed microbial (Avicorr ® , 500 g/10 3 kg) and crude yeast extract (500 g/10 3 kg). All diets were formulated to meet or exceed nutrient requirements for broilers by NRC (1994) (Table1).
Sample Collection
On d 21 and 42, 8 birds per treatment were euthanized by CO 2 asphyxiation. Mucosal samples (from about 5 cm length) were collected on d21 (mid ileum) and d 42 (mid ileum and ceca tonsils) from 1 bird of average body weight close to the pen average. The section to be sampled was rinsed with cold distilled water before scrapping with clean glass slides into micro centrifuge tubes containing RNA RNA was extracted from samples following the Trizol (Invitrogen, Grand Island, NY) protocol. Two micrograms of total RNA from each sample were reverse transcribed into cDNA using MMLV based reverse transcription system of Promega. PCR was performed on the Bio-Rad iCycler. PCR reaction mix consisted of 0.5 μg of cDNA, 0.075 nmol of each of the forward and reverse primers, and Faststart SYBR Green Master (Roche, Basel, Switzerland); Nucleasefree water (Ambion, Austin, TX) was added to reach a total reaction volume of 20 μl. Reactions were incubated at 95℃ for 5 min. Afterwards, reactions were cycled 50 times using the following protocol: 10 s at 95℃, 20 s at the variable annealing temperature for each gene (Table 2) , and 72℃ for 30 s. Gene expression level of interleukin (IL) 6, IL-10, lipopolysaccharide-induced TNF-alpha factor (LITAF), interferon-gamma (IFN-γ) and toll-like receptor (TLR) 4 (TLR-4) was analysed using glyceraldehyde-3-phospate dehydrogenase (GAPDH) as an endogenous housekeeping control. Primers used for real time PCR are listed in Table 2 .
Measurement of Serum Immunoglobulin, Calcium and Phosphorus
Whole blood was collected without anticoagulant and centrifuged at 5,000 g for 10 min at 4℃. Serum Ca and P concentrations were measured using BioVision assay kit (Biovision Inc, Milpitas, CA) following the manufacturer's protocol. Total serum IgG was quantified using a chicken IgG ELISA kit (Bethyl Laboratories Inc., Montgomery, TX) according to the manufacturer's protocol.
Histological Measurement
Section of the mid-jejunum (5 cm) was collected from 2 birds per pen, flushed with distilled water and fixed in 10% neutral buffered formalin (Sigma Chemical Co., St. Louis, MO). A 5-μm section was cut dehydrated, cleared, and embedded in Polyfin paraffin (Polysciences Inc., Warrington, PA) and stained with periodic acid-Schiff reagent (Armed Forces Institute of Pathology, 1992). Villus height, crypt depth and goblet cells were measured and counted from 6 villi per slide.
Chemical Analyses
Ileal digesta samples were pooled from 5 birds per replicate pen, freeze-dried, ground, and dried at 105℃ in a drying oven for 24 hours to determine the DM content. Gross energy was measured in a bomb calorimeter (Parr 1261 bomb calorimeter, Parr Instruments Co., Moline, IL, USA). Chromium concentration was determined by digesting the samples in concentrated nitric acid and 70% perchloric acid and absorption was measured at 440 nm using a spectrophotometer (Spectronic 21D, Milton Roy Co., Rochester, NY). For Ca and P measurements, samples were first digested in concentrated nitric acid and 70% perchloric acid. The concentration of total P was measured by spectrophotometry reading of absorption at 620 nm. The Ca concentration of the supernatant was determined using flame atomic absorption spectrometry (Varian FS240 AA Varian Inc., Palo Alto, CA, USA). Nitrogen was determined by the combustion method (model FP-2000 nitrogen analyzer, Leco Corp., St. Joseph, MI). Apparent ileal digestibility was calculated using the following equations:
Where Cr i and Cr o are the chromium concentration of diet and ileal output respectively (mg kg -1 of DM); and Y o and Y i are the concentration of nutrients in the ileal output and diet respectively (mg kg -1 of DM).
Statistical Analysis
Data were analyzed using the PROC GLM of SAS (SAS Institute Inc.) as a randomized complete block design, and least square means were separated using the possible differences (Pdiff) option. Values were considered significantly different at P＜0.05.
Results
Growth Performance
Body weight gain, feed intake and feed efficiency (gain to feed) were calculated on d 21 and 42 (Table 3 ). There was 
Gene Expression
IL-6 expression was significantly lower in Salinomycin, Avicorr, Alphamune, and Orego-Stim treatments on d21 (Fig. 1 ) and in Alphamune treatment on d 42. On d 42, Orego-Stim treatment had lowest expression of LITAF in the ceacal tonsils (Fig. 2I) . Similarly, IFN-γ and TLR-4 expression levels were lower in Orego-Stim treatment in the ceacal tonsils on d 42 (Figs. 2II and III) . Lower expression of IL-10 was also found in the Orego-Stim treatment on d 42 (Fig.  2IV ).
Serum Ca, P and IgG Concentration
Data on serum Ca, P and IgG concentrations measured at d 42 are presented in Table 4 . There were no significant treatment differences in Ca and P concentrations. However, Orego-Stim and Avicorr had lower (P＜0.05) IgG concentration compared with crude yeast treated birds.
Histological Measurement
No significant differences were found between treatments on villus height, crypt depth and number of goblet cells in the mid-jejunum histological section (Table 4) .
Apparent Ileal Digestibility
Data presented in Table 5 shows that on d 21 Avicorr and Alphamune treatments resulted in lower N and P digestibility than other treatments. Alphamune treatment also had lowest DM and energy digestibility. Lowest P digestibility was obtained in the NC treatment on d 42. Lu et al.: Antibiotic Alternatives Broilers and Coccidia 
Discussion
Antibiotics have been widely used in animal production since 1940s (Dibner and Richards, 2005) and have been shown to enhance animal performance and gut health (Coates et al., 1955; Miles et al., 2006) . Therefore, the improved BWG and feed efficiency obtained with Salinomycin treatment further confirmed the benefit of antibiotic supplementation in the present study as reported by others (Logan et al., 1993; Duffy et al., 2005) . Additionally, Salinomycin significantly reduced IL-6 expression at d 21 in the ileum, suggesting an anti-inflammatory effect as well. However, by d 42, there was no effect of treatment, perhaps due to a more mature gut that allowed a more robust mucosal immune response in all birds, preventing a clear anti-inflammatory effect of antibiotic supplementation. Salinomycin significantly improved apparent nutrient digestibility of P at d 21, indicating beneficial effect of Salinomycin as reported by others (Jozefiak et al., 2011) . Direct fed microbials (DFM) or probiotics improve animal performance by colonizing the gut with, and promoting the growth of, beneficial gut microflora (Callaway et al., 2008) . Work by Lee et al. (2010a, b) showed that DFMs increase the BWG in birds infected with E. maxima. Similarly, Awad et al. (2009) found that probiotic supplementation increased the BW and BWG, and lowered the feed conversion ratio in birds. In the present study, no improvement in animal performance was obtained with Avicorr. Because Avicorr is a combination of several bacteria strains, the experimental condition in the present study might not have promoted the optimum environment for these bacteria species to exert their maximum benefit. However, reduced ileal IL-6 expression in Avicorr treatment supports a beneficial anti-inflammatory effect of Avicorr.
Alphamune is a yeast extract which contains mannanoligosaccharides and β-glucans. Report by Van Immerseel et al. (2000) showed that Alphamune increased BW, feed efficiency and improved immune response. It also reduced Salmonella colonization in chickens, qualifying it as a promising antibiotic alternative. In this study, the lack of improved beneficial effect of Alphamune on animal performance might be indicative of an overall optimum health of the birds used in this study. However, Alphamune significantly reduced IL-6 expression in the ileum both on d 21 and 42 compared with the negative control group. Alphamune contains β-glucans which have been shown to lower expression of proinflammatory cytokines such as IL-4, IL-6, IL-8, and IL-18 (Cox et al., 2010) and the reduction of IL-6 expression by Alphamune in this study is in agreement with earlier findings. Supplementation with crude yeast increased energy, N and P utilization in the ileum. Gao et al. (2008) also showed that yeast supplementation in a maize-soybean based diet increased P and Ca digestibility. This finding is also in agreement with previous findings by Thayer et al. (1978) and Bradley et al. (1995) .
Although Orego-Stim supplementation did not result in improved animal performance, it downregulated ileal IL-6 and tonsil LITAF, IFN-γ, TLR-4 and IL-10 expression. Because LITAF, IL-6, IFN-γ, TLR-4 and IL-10 are known to be inducible by Eimeria (Min et al., 2003; Hong et al., 2006 and Sumners et al., 2011) , downregulation of these genes by Orego-Stim suggests that it exerted an anti-inflammatory effect on the birds. Similar findings was reported by Yoon et al. (2009) that showed that essential oils significantly reduced IL-6 and TNF-α production in an in vitro system. Interferon-γ is a cytokine produced by natural killer T cells which is increased in chicken cecum and jejunum 7 days post E. tenella infection (Laurent et al., 2001) . Its reduction by Orego-Stim suggests that Orego-Stim may specifically downregulate T-cell mediated immune response. IL-10 is an antiinflammatory cytokine and an anti-inflammation marker. Its expression is typically induced during coccidiosis infection (Hong et al., 2006; Collier et al., 2008) . The reduction of IL-10 expression in Orego-Stim treatment suggests a sparing action of the essential oils in Orego-Stim and IL-10, thus making it unnecessary for the birds to produce IL-10 in the presence of the essential oils. Thus more nutrients can be diverted for productive uses rather than for the anti-inflammatory response of IL-10. Toll-like receptor 4 is another gene that is a target of Orego-Stim. This receptor cooperates with CD14 to mediate the innate immune response to bacterial lipopolysaccharide (LPS) leading to NFkappa-B activation, cytokine secretion and the inflammatory response. TLR-4 is typically increased after most microbial infections (Mackinnon et al., 2009; Abasht et al., 2008) . Its downregulation by Orego-Stim indicates that Orego-Stim may suppress TLR-4 mediated inflammatory pathways in the ceacal tonsils. Essential oil stimulates proteolysis by lowering the pH to the optimal level for pepsin activity (Kamel, 2001) . Additionally, Lee et al. (2003) Lee et al. (2003) . Thus Orego-Stim supplementation may be more beneficial in the early growth phase of broilers than in the latter phase.
In conclusion, this study shows that Orego-Stim exerts significant anti-inflammatory effect which may make it a potential antibiotic alternative in broilers.
